Simian virus 40-transformed nonpermissive cells in which neither infectious viral DNA nor virions had previously been detected reproducibly yield low levels of infectious simian virus-40 DNA after treatment with extracts of normal permissive cells. Virions were obtained in one out of 37 experiments. Activation of the viral genome is detected only with normal permissive cell extracts and only in simian virus 40-transformed cell lines that are rescuable by heterokaryon formation or by treatment with chemicals. The activating factor(s) is insensitive to deoxyribonuclease and ribonuclease, but is sensitive to heat at 560 and to proteolytic enzymes.
The interaction of animal cells with Simian Virus 40 (SV40) has been extensively studied (1, 3, 8, 11, 16, 17, 22, 23, 25) . Infection by SV40 can be either productive (leading to virus replication and death of the host cell) or abortive (resulting in blockage of virus replication at an intermediate stage and survival of the host cell). Cells in which infection is usually productive (e.g., monkey and human) are called permissive, while those in which infection is usually abortive (e.g., hamster, mouse, and rat) are termed nonpermissive. Cells may be either highly permissive (monkey) or semipermissive (human). The basis of cell permissiveness is unknown.
Under suitable conditions, nonpermissive (and, more rarely, permissive) cells infected with SV40 may be transformed. Nonpermissive, transformed cell lines are fully resistant to superinfection by SV40 virus and DNA, while permissive transformed lines are variably susceptible. With the exception of some transformed permissive cell lines, cells transformed by SV40 do not produce infectious virus or viral DNA but contain functioning viral genes which, at least in the case of nonpermissive cells, are integrated in the chromosomal DNA.
That some transformed cell lines that do not produce virus contain a complete viral genome is demonstrated by the fact that they can synthesize infectious virus upon fusion with permissive cells (heterokaryon formation) and, more rarely, upon treatment with chemicals. This phenomenon has been given several names: induction, activation, reactivation, rescue, or detection of transforming virus. Its mechanism remains to be determined.
So far, attempts to activate the synthesis of infectious virus or viral DNA in SV40-transformed cells that do not produce virus by treatment with extracts of permissive cells have failed (9, 20) . In the present work we show that it is possible to activate the viral genome upon treatment with extracts in some of these cell lines. Furthermore, the factor(s) responsible for activation, to which we give the general name "activator," is detectable only in normal permissive cells and is at least in part a protein.
MATERIALS AND METHODS Cell cultures
Normal Cells. BSC-1 (13) , Vero (27) , and CV-1 (15) 
Assay for activation
A solution of cold poly(i-ornithine), a basic polymer that increases the cellular uptake of proteins (21), was added to the crude cell extract to a final concentration of 10 jig of polymer per ml. Extract dilutions were made in poly(r,-ornithine) solution (10 /Ag/ml of serum-free medium) and were kept in ice.
Cells were washed with serum-free medium, pelleted in siliconized 50-ml centrifuge tubes, and resuspended in dilutions of the extract at a concentration of 1 X 106 cells per ml.
Control cultures were treated with 10 ug/ml of poly(Iornithine) solution. After a 30-min incubation at 370 with shaking (100 strokes per min), the cells were centrifuged and resuspended in complete growth medium at a concentration of 1.4 X 105 cells per ml. For each sample, 5-ml aliquots were seeded in two plastic dishes (6 cm in diameter) and in a plastic flask (25 cm2 (ME, L) * Yields of infectious SV40 DNA were comparable to those quoted in Table 1. concentration of the extract. Untreated TSV-5 C12 cells do not shed SV40 virions spontaneously (24) , nor can infectious viral DNA be extracted from them (4, 18) . No infectious SV40 DNA was ever found in cells treated with poly(iornithine) alone, with dilutions of Tris* HCI buffer in poly(L-ornithine), or with deoxyribonuclease in poly(L-ornithine), nor in the controls with any other extract. Thus, the viral DNA detected in TSV-5 C12 cells that were treated with extracts of BSC-1 cells is related to a factor(s) present in BSC-1 cells.
The ability of various normal-cell extracts to activate infectious SV40 DNA in TSV-5 C12 and EHSVi cells was tested (Table 2) . Activation occurred with all normal permissive (monkey and human) cell extracts, and in all cases yields were comparable to those quoted in Table 1 . On the other hand, infectious viral DNA was never detected in transformed cells treated with extracts of any normal nonpermissive cells (hamster and mouse).
The capacity of BSC-1 cell extracts to activate the viral genome in various SV40-transformed cell lines known to be rescuable or nonrescuable by either fusion with permissive cells or by treatment with chemicals (see Methods) was investigated (Table 3) . Upon treatment with extract, infectious SV40 DNA is detectable only in SV40-transformed cell lines known to be rescuable.
Unlike transformed nonpermissive cells, transformed permissive cells are able, upon fusion, to activate the SV40 genome in transformed nonpermissive cells (14, 19) . Neither class of transformed cell extracts is able to activate, in detectable amounts, the SV40 genome in TSV-5 C12 or EHSVi cells.
In a time-course study, where TSV-5 C12 cells were treated with BSC-1 cell extracts, it was found that viral DNA-not detectable immediately after treatment-could be extracted after 6-120 hr of incubation of the cultures. No clear relation was found between the duration of incubation and the extractability of infectious viral DNA. The number of plaques obtained was of the same order of magnitude as that described in Table 1 assays is that treatment with extracts of normal permissive cells did not reproducibly yield measurable quantities of infectious virus. The significance of these differences, however, awaits a better understanding of the process by which the activating factor(s) rescues the viral genome.
The percentage of cells activated by the extracts also remains to be determined. If virions become regularly detectable, this question will be studied by the infectious center technique (23) .
It is important to know if the rescued SV40 DNA is the product of excision and circularization, or whether it reflects vegetative replication of the excised viral genome in the cells treated with extract. Since in one experiment SV40 virions were detected, it seems probable that vegetative replication can occur.
We have begun purification and have found that the activator(s) is nondialyzable, stable for several days at 40, and precipitable with 40% ammonium sulfate. In a preliminary experiment, column chromatography on diethylaminoethyl (DEAE)-cellulose yielded several-fold purification of the activating factor(s). With this more purified material, it has already been possible to increase the rescue of SV40 DNA by tenfold.
